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Background
Increasing interest in uncertainties of neutron resonances
required for advanced reactor systems. 

This information is available in the Atlas of 
Neutron Resonances.

In the Atlas, resonance information reproduces the cross 
sections and resonance integrals, but
not  their uncertainties.

Present study initiated to achieve consistencies 
between measured and calculated  uncertainties. 
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Background
The Subgroup 26  of the International Working Party on
evaluation  cooperation is interested in 53 materials
comprising 19 actinides and 34 structural, coolant and 
moderator materials.
Out of these NNDC produced covariances for 35
materials. 
In the present project, emphasis is placed on the 
uncertainties of the thermal capture (fission) cross sections
for the following.
19F, 23Na,  28Si, 52Cr, 55Mn, 56Fe, 57Fe, 58Ni, 90Zr, 91Zr, 92Zr, 94Zr,  
166Er, 167Er, 168Er, 170Er, 206Pb, 207Pb, 208Pb, 209Bi,
233U, 234U, 236U, 237Np, 238Pu, 240Pu, 241Pu, 242Pu, 241Am
242mAm, 243Am, 242Cm, 243Cm, 244Cm, 245Cm. 
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Methodology
Inspect the  Atlas electronic files . Fill in the missing 
information, such as Γγ

 

for  s-
 

and p-wave resonances 
and estimated uncertainties.
Convert the Atlas file to ENDF format by applying
PTANAL program; Random assignments of spins to follow
(2J+1) law.
Run PSY325 to calculate the contributions from the various
resonances to the thermal cross section and resonance
integral with their uncertainties read from the Atlas file.

Compare with the uncertainty of the measured thermal
cross section. Carry out changes in the uncertainties of RP, 
iterate the procedure until conversion is achieved.
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Methodology

Attribute reported uncertainty to that of bound levels 
and/or low-lying positive energy resonances. 
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Γγ1
 

/Γγ0  and S1
 

Versus Mass Number

Systematics
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Γγ0  /Γγ1  Versus Mass Number
Systematics
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Methodology
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Methodology
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55Mn Thermal Cross Sections and 
Resonance Properties
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55Mn Resonance Parameters
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55Mn Capture Cross Section
 σγ

 

=13.36 ±
 

0.05 (0.37%) b
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55Mn Uncertainty Adjustments

E0

 

(keV) 2gΓn

 

(eV) Γγ(eV) σγ
 

-b

-16.15 6255(0, 0) 0.790, 0.75(0, 0) 0.32
-0.202 1.15(0, 0) 0.790, 0.75(0, 0) 3.28
0.337 18.3(0.2, 2.2) 0.400, 0.31(0, 6.5) 7.44

1.099 18(0.4, 4) 0.488,0.435(0, 23) 1.50
2.327 460(0.02, 5.2) 0.340, 0.40(0, 38) 0.17
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167Er Capture Cross Section
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167Er  σγ
 

= 649 ±
 

8 b

E0

 

(eV) 2gΓn

 

(mV) Γγ
 

(mV) σγ
 

(b)

-23.6 117
(3.3, 0)%

88.0
(11, 0)%

7.9

0.460 0.3031
(3.3, 3.3)%

87.12
(0.4, 0.2 )%

423

0.584 0.2163
(4.6)%

86.20
(0.4, 0.4)%

161
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56Fe Capture Cross Section
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Some Sources of Correlations
Capture Kernel              : ρ(Γn ,Γγ )  is Negative.

Capture and Fission Kernels:  Γf /Γγ is Determined. 
Hence, ρ(Γf ,Γγ ) is Positive.

Neutron Sensitivity Correction to Capture 
Measurements: 

Γγ(exp.) =  Γγ
 

+ kΓn
Hence, ρ(Γn

 

, Γγ) is Positive.

However, This May Be Signature of Valence Capture.

Γ
ΓΓ γng
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Effect of ρ(Γn
 

, Γγ
 

) on Uncertainties

nucleus σγ
 

(b) ρ
 

= 0
Δ(b)

ρ
 

= -1
Δ(b)

ρ= +1
Δ(b)

52Cr 0.86±0.02 0.020 0.018 0.023
55Mn 13.36±0.05 0.047 0.044 0.049
237Np 178.7±3.0 3.0 1.6 4.0
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Conclusions
Internal consistency between calculated and estimated 
uncertainties is achieved for 15 actinides and 21 coolant 
and structural   materials.
This was realized by re-assigning uncertainties to the 
parameters of the bound levels and low-energy 
resonances.
If the major contribution  to the thermal cross section is 
due to the positive energy resonances, then their 
uncertainties are drastically changed.
In few cases, where the thermal cross sections are 
dominated by bound levels, the uncertainties of the 
positive energy resonances are unaffected.
The correlations between parameters are studied and 
their effects on the uncertainties is determined for some 
cases.



20Said Mughaghab Covariance Workshop,

Port Jefferson, June 24-27, 2008

Conclusions

Outstanding issue:

In certain cases, uncertainty of positive
energy resonances drastically reduced. 

Possible solution to invoke negative 
correlation between the bound levels
and positive energy resonances.
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